The methods of sensitivity analysis allow to estimate the influence of parameters determining the geometrical, physical, boundary and initial conditions on the course of thermal processes in the system considered. In this paper the possibilities of shape sensitivity analysis application (SSA) in the thermal theory of foundry processes are discussed. In particular, the direct approach is presented because it seems that for practical applications this variant of sensitivity analysis is more effective. The theoretical base of SSA is presented in chapters 1 and 2, next the practical aspects of the method are discussed. In the final part of the paper the examples of computations can be found.
Governing equations
The 2D Fourier-Kirchhoff equation (for domain oriented in Cartesian co-ordinate system) describing the alloy solidification can be written in the form [1] 
where c(T ) is a volumetric specific heat, λ(T ) is a thermal conductivity, L is a volumetric latent heat, f S is a volumetric solid state fraction at the considered point from casting domain, T, x, y, t denote the temperature, geometrical co-ordinates and time. If T S and T L denote the temperatures corresponding to the end and beginning of alloy solidification then for T < T S : f S =1, for T > T L : f S =0, while for T ∈ [T S , T L ] function f S changes from 1 to 0. For molten metal and solid state the value of f S is constant and then df S /dT =0. The expression
is called a substitute thermal capacity and for the liquid and solid parts of the casting it corresponds directly to the volumetric specific heat (one domain approach [2, 3] ). On the outer surface of the casting the condition in general form
is given, at the same time ∂/∂n denotes the derivative in normal direction.
Considering the more complex models the thermal interactions between casting and mould can be more exactly taken into account. Then the equation (1) is supplemented by similar equation for mould domain (in place of C(T) directly c m -volumetric specific heat of mould) appears, while on the contact surface between casting and mould the continuity condition in the form
should be assumed. On the external surface of the mould the different (Dirichlet, Neumann, Robin) conditions can be taken into account. For time t=0 the initial condition is also known
(5)
Shape sensitivity analysis
Among the different sensitivity problems, especially important are the shape sensitivity ones [2, 4] . They consist in finding the sensitivity of structural response to variations in the initial shape of the body. The major question is how the temperature, its gradient etc. is modified due to the transformation of structure. We assume that b is the shape design parameter. Using the concept of material derivative we can write [4, 5] D D
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where v = v (x, y, b) is the velocity associated with design parameter b.
In order to simplify the further considerations, the homogeneous casting domain is considered (e.g. continuous casting) and the thermal interactions between the casting and its surroundings are described by the typical boundary conditions. Taking into account the definition (6) it can be proved that
and
at the same time
If the direct approach of sensitivity analysis is applied, then differentiation of equation (1) for constant value of λ with respect to the parameter b leads to the equation 
where U =DT/Db is the sensitivity function.
In the simplest version of boundary condition given on the outer surface of the system (the Dirichlet one) we have
while the initial condition takes a form
The mathematical model of the shape sensitivity analysis in the case of more complex problems (e.g. non-homogeneous domain casting-mould, other type of boundary conditions etc.) can be found in [6, 7] . Assumed above Dirichlet condition results from the well-known Schwarz solution in which the boundary temperature on the contact surface proves to be a constant value.
It should be pointed out that in order to solve the problem (10), (11), (12) the values of v x , v y must be defined in adequate way. For instance, if the square domain is considered then the shape parameter b corresponds to the half of its diagonal and v x = x/b, v y = y/b. So, in the case discussed the equation (10) is the following ( ) ( )
Method of solution
The basic and additional problems have been solved using the first scheme of the boundary element method [8, 9] supplemented by artificial heat source procedure [10] . So, we consider the following equation
where F(x, y, t) = T(x, y, t), R(x, y, t) = 0 for the basic equation 
is a source function (a capacity of internal heat sources). The essential feature of equation (16) consists in a fact, that leaving out the last term we obtain the linear form of energy equation. Taking into account the possibilities of the boundary element method application in the range of transient problems modelling, this is a very convenient form of basic differential equation (a non-linearity appears only in the component determining the internal heat sources, and the function describing the fundamental solution for the problem considered is well known). The calculation of a source function requires, of course, the introduction of a certain iterative procedure [10] . The boundary integral equation for transition t f-1 → t f corresponding to the equation (16) is of the form [8, 9] 
where (ξ, η) is the observation point, (x, y) is the point under consideration, B(ξ, η) is the coefficient from the interval (0, 1), r denotes the distance between points (x, y) and (ξ, η), F * is the fundamental solution [8, 9] , J * = -λn⋅∇F * is the flux resulting from fundamental solution, while J = -λn⋅∇F is the boundary flux. The details concerning numerical solution of equation (18) can be found in [8, 9] .
Example of computations
The cross-section of steel casting in the form of square 0.04×0.04 [m] has been considered. As was mentioned, the shape parameter b corresponds to the half of diagonal. 
In Figure 4 the temperature distribution for shape parameter b+∆b (∆b =0.05b) is shown. The solutions presented in Figure 4 have been obtained in two ways. The first has been found on the basis of temperature field corresponding to the basic parameter b and the knowledge of sensitivity function distribution (the Taylor formula (20) has been used), while the second solution has been found directly for shape parameter b+∆b without the application of sensitivity approach. It is visible, that both solutions are very close and this fact confirms the correctness of the considerations presented in this paper. 
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